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ENERGY AND THE ENVIRONMENT
Joseph T. Zung 
Department of Chemistry 
University of Missouri-Rolla 
Rolla, Missouri
The topic of Energy and Environment is probably 
the most timely one at present time. Probably it is 
not because both energy and environment are man's 
most precious resources we want to conserve, but 
because of their seemingly contradictory and mutually 
destructive nature. One often asks ourselves these 
days: Is the energy crisis an environmental problem 
or environmental restrictions caused our present energy 
crisis?
The public wants a balance between adequate 
energy and a clean environment. But, on the one hand, 
the environmentalists want to preserve our clean envi­
ronment at all costs, even if it means a collapse of 
our economic structure; while, on the other hand, 
the energy producers and consumers are trying to 
satisfy our hunger for energy without any regards to 
all the adverse effects created on our environment.
The objective of this symposium is to develop a broad- 
based educational basis that will convince the public 
that the issue is not energy versus the environment, 
but energy and the environment. We need to educate 
people to understand the trade-offs required in matching 
their needs and desires for energy with their ecological 
hopes and dreams.
The energy producers and consumers, of course, are 
equally responsible to preserve our environment as the 
environmentalists are to promote economic stability 
and growth. As noted Louis H. Roddis, Jr., vice- 
chairman of the Board of Consolidated Edison, "I think 
environmentalists should have to file specific impact 
statements on the cost of the measures they propose 
to protect the environment. I am not aware that the 
public has given an unrestricted proxy to anyone to 
decide that environmental costs don't matter."
There are many factors contributing to our present 
energy crisis, but the following are thought to be 
the major ones:
(1) - Artificial low prices of natural gas, which
discourage exploration and development of 
new sources;
(2) - The availability of foreign oil, which again
discouraged development of our vast domestic 
petroleum reserves and resources;
(3) - The environmental movement, which put increasi
pressure on industry to burn clean fuel;
(4) - And, finally, the delays in starting up
nuclear power plants, partly because of the 
intervention of the environmentalists and 
partly because of the growing pains of a new 
technology.
Environmental Impacts of Power Generators.
Our concern about polution of the environment 
has a direct relationship to energy, e.g. all atmo­
spheric pollution is the result of combustion, thermal 
pollution is usually a by-product of the process of 
converting heat to electricity through a turbine 
generator. The adverse effects on the environment are 
produced whenever heat is used for energy conversion.
Since most electricity is produced by the use of heat, 
increases in the production of electricity mean increases 
in adverse environmental effects. This in turn focuses 
the environmental problem on power plants. If we 
replace all internal combustion engines with the 
electrically powered vehicles, environmental pollution 
will be concentrated on power plants.
The electrical demand doubles every ten years.
Since installed capacity at the end of 1970 was 
340,000 megawatts, to double that capacity in 1980 
would require 300 new large power plants, and 600 new 
plants in 1990. These large plants require great 
quantities of water for cooling purposes, about 
8-12 billion gallons a day! If in 1980 all plants 
were to use this method, the total flow would equal 
to 1 /6 of the available fresh water run-off.
Most of those who advocate zero growth in popula­
tion and zero growth in the standard of living do so 
because of pollution. They demand that we must take 
immediate steps to stop pollution. But a great many 
such steps require the use of energy, e. g. treat­
ment of sewage and industrial waste, substitution of 
electric cars for the present automobiles, increased 
use of rapid transit in metropolitan areas.
There are two important environmental factors to 
be considered in planning construction of large power 
plants:
(1) - The significance of the rate of consumption
of nonrenewable natural resources.
(2) - The significance of adverse effects on the
environment from the generation of heat by 
use of each of the fuels available and the 
adverse effects from the excess heat gener­
ated in making electricity.
An ironic phenomenon about the fossil fuels available 
for production of electricity is that the most plenti­
ful, coal, is the one that pollutes the atmosphere 
most and that the least plentiful, natural gas, pollutes 
the atmosphere least. Even the nuclear "fuel" pollutes 
the atmosphere with radioactive gases.
Nuclear Waste
g (1) The use of nuclear energy to generate required 
electrical power should be conformed with rigid standards 
in the real interest of improving the environment and 
public health. The main objective is to eliminate 
wherever practicable both the volume and radioactivity 
content of the effluents. The effluent system design 
objective is that radiation exposure to any member 
of the public should be well below the internationally 
accepted radiation exposure limit of 500 mrems per 
year to any individual.
(2) Since nuclear plants are still less effi­
cient than fossil-fuel plants in utilizing heat, the 
nuclear plant, for a given unit of electricity, has 
more exhaust heat to dissipate than has a fossil- 
fuel plant. Substantially all that exhaust heat is 
dissipated in water. This dissipation takes place 
by drawing water from an external source, heating it
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and returning it to its source at higher temperature. 
Under almost all circumstances, the heated water 
in turn transfers all of the exhaust heat to the at­
mosphere.
Nuclear Power Plants
megawatts of electricity. (The Solar Farms Concept.) 
Even with a new means of collecting solar heat, a 
1000 megawatt power plant in the sun-drenched Southeast 
would still require 3 sq. miles of collector area.
(' 1920 acres).
With the increase in the total number of nuclear 
power plants in the U. S. in the next two decades, 
the problem of controlling releases of radioactive 
materials to the environment becomes one of our 
greatest concern.
Liquid Effluent Treatment: With improved techni­
ques ,~7a3ToactFvimi^ can be reduced
by maximizing recycling by additional filtration, 
dimineralization and evaporation of waste sources.
Gaseous Effluent Treatment: The basic gaseous 
treatment systems should include longer duration tank 
storage, filtration, and charcoal adsorption before 
release into atmosphere. To provide a high degree of 
system reliability, all essential system components 
must be provided with redundant equipment, leakage 
must be minimized by a low operating pressure, use of 
welded pipe.
Environmental Problems Related to Unconventional Energy 
Sources
(1) Magnetohydrodynamics (MHD)
In MHD, electricity is produced by forcing a con­
ducting ionized gas through the magnetic field, at 
temperature of about 4000°F. In a closed cycle system, 
one can eliminate the problem of exhaust gas with its 
accompanying air pollution potential. But the tempera­
tures involved in a closed cycle are too high for 
normal materials. In an open cycle, gas is exhausted 
to the atmosphere. The initial high temperature of the 
gas combined with a rapid quench in temperature results 
in a greater concentration of oxides of nitrogen than 
in ordinary combustion.
(2) Nuclear Fusion
Unless the fusion plant can produce electricity 
by a direct conversion process, it will be no more 
than a source of heat with the attendent problems of 
dissipating exhaust heat. Direct conversion of high 
efficiency is technically much more difficult than a 
fusion reaction used only to produce heat.
Fusion plants also have the same problems of 
radioactivity containment and disposal of waste. In 
a fusion process, a substantial quantity of radioactive 
tritium would be generated, estimated at 1 0 0,0 0 0 ,0 0 0  
curies at any given moment in a medium to large size 
fusion plant. Beside there would be an intense flux 
of energetic neutrons that would Induce radioactivity 
in various materials, thus creating problems of replace­
ment of contaminated material and its disposition.
(3) Geothermal
First, there is the same thermal exhaust problem as 
with a fossil-fuel fired power plant. Second, the 
tapped energy is hot water under pressure. When the 
pressure is reduced, most of the water flashes into 
steam, leaving behind a residue - brine, silica, various 
metals - which must be disposed of.
(4) Solar Energy
No environmental pollution except that, for gener­
ation of electricity, it would require an area of 16 sq. 
mile to collect enough solar energy to convert to 1000
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